Chain elongation of the methyl esters of linoleic and linolenic acids by one, two, or three methylene groups followed by elimination of the functional groups leads to (Z,Z)-6,9-alkadienes and (Z,Z,Z)-3,6,9-alkatrienes that function as pheromones in various insects. All of the simple reactions involved proceed in excellent yield, they do not require expensive reagents, high pressure or high temperature. The route of synthesis is applicable on a large scale. Rigorous analyses prove the purity of the hydrocarbons prepared.
Introduction
T he constituent fatty acids of lipids in plant and anim al tissues include polyun satu rated species th at are characterized by a m eth y len e-in terru p ted system o f double bonds [1, 2] . T he sam e structural featu re is found in som e insect p herom ones [3, 4] , It is, th e re fo re, tem pting to use naturally occurring fatty acids as ab u n d an t starting m aterial for the p rep a ra tio n of such "chem ical m essengers" (Schem e 1). O bviously, m eth an esu lfo n ates play a pivotal role as in te rm ed ia te s in the sequence of reactions th at lead from fatty acids to hydrocarbons having one, tw o, o r th ree m ethylene groups m ore th an the sta rt ing m aterial.
In co n tra st to total syntheses [3, 4] , the fairly sim ple p ro ce d u re s described do not req u ire expensive rea g en ts, they save both tim e and energy. R elatively large am o u n ts of p o ly u n satu rated hydrocarbons can be p ro d u ce d in high yields by w orkers w ho n eed not be ex p erts in organic synthesis. T he application of th ese p h ero m o n es should co n trib u te to the control of insect pests w ithout leading to environm ental p o llu tion. 
Experimental

A nalytical m ethods
T he course of reactions was follow ed by ad so rp tion thin-layer chrom atography on Silica G el H (E . M erck, D-6100 D arm stad t) using hexane-diethyl e th e r, 90:10, as developing solvent. Lipid fractions w ere d etected by exposing the chrom atogram s to iodine vapors.
T he purity of the final products, hydrocarbons, w as assessed by chrom atographic, spectroscopic and th erm oanalytical m ethods. A dsorption ch ro m ato g ra phy was carried ou t on thin layers of Silica G el H and arg en tatio n chrom atography on thin layers of Silica G el H containing 10% silver n itrate; hexane-diethyl e th e r, 90:10 and 80:20, served as developing sol vents. Lipid fractions w ere d etected by charring after spraying the chrom atogram s w ith sulfuric acid-w ater, 50:50. G as chrom atography was carried out both on a C arlo E rb a F ractovap 4160 instrum ent (C arlo E rb a In stru m en ts, D -6238 H ofheim ) th at was equ ip p ed w ith a fused silica capillary, 30 m x 0.33 mm i.d ., coated w ith D B -5, film thickness 0.20 ^im (ict, D -6230 F ra n k fu rt 80) and on a V arian M odel 3700 instru m en t (V arian , D-6100 D arm stad t), w ith a fused silica capillary, 30 m x 0.32 mm i.d ., coated w ith D B-210, film thickness 0.50 |im (ict). T he flow rate of hydrogen, the carrier gas, was adjusted to yield optim um resolution; the colum n tem p eratu re was 120 °C o r 140 °C. P eak areas w ere calculated by a M erck-H itachi C h ro m ato -In teg rato r D-2000 (E . M erck).
In frared sp ectra w ere ta k en on a P erkin-E lm er Spectral P h o to m e te r 257 (P erk in -E lm er Bodenseew erk , D-7770 Ü b erlin g en ) using carbon te tra chloride as solvent. U ltrav io let spectra w ere re co rd ed on a Pye U nicam SP 8-200 U V -V IS spectro p h o to m e te r (Pye U n icam , C am bridge CB 1 2 P X ) in eth an o l solution.
C ritical solution tem p eratu re s w ith nitro m eth an e (F lu k a A G , CH -9470 B uchs), CST(MeNC> 2), w ere d e te rm in ed on a K ofler h eatin g stage u n d er the m icro scope [5] .
Syntheses
A ll reag en ts, ad so rb en ts, and solvents w ere p ro d ucts of E . M erck. M ethyl linoleate and methyl lin o len ate, p roducts of N u -C heck-P rep In c., Elysian M N 56028, had been p rep a re d from safflor (Carthamus tinctorius) and perilla (Perilla frutescens) seed oils, respectively.
T h e syntheses w ere p erfo rm ed on a 30 g (0.1 mol) scale. All p ro ced u res w ere carried o ut u n d er purified n itrogen in freshly distilled solvents; oxygen-free w ater was used for w ashing solutions of the reaction p roducts.
A lcohols w ere o b tain ed in > 95% yield by the red u ctio n of m ethyl esters with lithium alum inumhydride in d ieth y leth er for 4 h at 35 °C followed by hydrolysis o f the lithium alum ino com plexes with aq u eo u s sulfuric acid [6 ] , Methanesulfonates w ere p rep a re d in > 80% yield by esterification o f alcohols with m ethanesulfonyl C h loride, e ith e r in p yrid in e for 1 h at 0 °C and a n o th e r 5 h at ro o m te m p er a tu r e [7] , o r in h e x a n etr ie th y la m in e fo r 0.5 h at 0 °C [8 ] .
Cyanides w ere obtained in > 95% yield by the reaction of m ethanesulfonates w ith potassium cy anide in dim ethylsulfoxide for 1 h at 80 °C [9] .
M ethyl esters of elongated fatty acids w ere p re p ared in > 95% yield by treating cyanides with m ethanol-hydrogen chloride for 2 h at < 20 °C fol low ed by hydrolysis of the resulting im ino ethers w ith conc. hydrochloric acid for 2 h at < 20 °C [9] .
H ydrocarbons w ere obtained in > 95% yield by th e reaction of m ethanesulfonates w ith lithium alum inum hydride for 4 h at 35 °C [10] .
T 
Results and Discussion
T he lipids and their constituent fatty acids are a b u n d an t natural products whose utilization for the sem i-synthesis of biologically active com pounds of considerable value is far from being fully exploited.
T he presen t com m unication dem on strates that p h ero m ones having 19, 20, and 21 carbon atom s can be p rep a re d in high yields from the m ethyl esters of n aturally occurring polyunsaturated fatty acids w ith a chain of 18 carbon atom s. M ethyl lino len ate, for ex am ple, serves as starting m aterial for the sem i-synthe sis of (Z ,Z )-6 ,9 -n o n ad ecad ien e, a com ponent of the p h ero m o n e com plex of the m oth A lsophila quadripunctata [1 1 ], as well as hom ologous hydrocarbons w ith 20 and 21 carbon atom s. M ethyl linolenate is used for the prep aratio n of (Z ,Z ,Z )-3 ,6 ,9 -n o n ad e catrie n e, a sex attractan t of the giant loo p er, Boarmia selenaria [1 2 ], and hom ologous hydrocarbons th at serve as p herom ones in o th er insect species.
C hrom atographic and spectroscopic techniques prove th a t the hydrocarbons we p rep a re d are free of o th e r classes of com pounds. A rg en tatio n ch ro m ato g rap h y , gas ch ro m ato g rap h y , and infrared sp ectro scopy, how ever, show the presence of betw een 1.5 an d 5% of configurational isom ers in the d iu n satu rate d hydro carb o n s and up to 1 0 % in the triu n sa tu rate d ones. C o n ju g ated systems of double bonds, w hich w ould be ap p a ren t in the ultraviolet spectra, are n o t found.
T he very low m elting points of the poly u n satu rate d hydro carb o n s are of little value as physical co n stan ts. In co n trast, the CST-values of these as well as o th e r p h ero m o n es prove to be m ost useful for th eir ch aracterizatio n . [5] .
In carrying o u t the sequence of reactions d elin e ated in Schem e 2, it is n ot necessary to isolate the in te rm ed ia te alcohols. T he reduction of m ethyl esters to alcohols and the esterification of the latter can even be com bined in a o n e-pot p rocedure by reactin g th e lithium alum ino com plexes with m eth an esu lfo n ic anhydride. M o reo v er, n eith er the cyanides fo rm ed by the reaction o f m eth an esu lfo n ates w ith potassium cyanide, n o r the im ino eth ers d eriv ed th e re fro m need be isolated. In stead , the m e th an esu lfo n ates are converted in a o n e-pot p ro ced u re to m ethyl esters of fatty acids having one m eth y len e gro u p m ore th an the starting m aterial. M alonic ester synthesis, which is frequently em ploy ed for chain elo n g atio n of m eth an esu lfo n ates by tw o m eth y len e gro u p s, can n o t be recom m ended as this reactio n leads to as m uch as 1 0 % conjugated poly enes.
A t p rese n t, th e high price of u n satu rated fatty acids im pedes th e ir use as starting m aterial for the p re p a ra tio n of p h ero m o n es on an industrial scale. It can be ex p ected , how ever, th at as a consequence of c u rre n t in terest in th e exploitation of renew able re sources large am o u n ts of these n atu ral products will b ecom e available in high purity and at reasonable prices.
